Perennial Oued Zegzel and temporary Oued Cherraa are parts of the same watercourse. Coinertia analysis showed the clear distinction between these two parts and the close relationship of the faunal assemblages with the characteristics of the water. The headwater course of the Zegzel is covered with dense terrestrial vegetation whose debris were consumed by abundant shredders dominated by the prosobranch Melanopsis praemorsa. The lower course of the Zegzel has sparse riparian vegetation and much fine detritus, and collectors such as Ecdyonurus rothschildi, Caenis luctuosa, the Diptera Corynoneurinae and Tanytarsini, occurred. In contrast, dry, flowing-, and standing-water periods succeed each other in the Cherraa and terrestrial vegetation often grows in its bed. M. praemorsa was replaced by the air-breathing pulmonate Physa acuta, accompanied by the adults and larvae of flying insects. However many shredders did not develop on the abundant plant litter. The short length of the submersion period was probably responsible for this lack of efficiency in the exploitation of such a non-limiting food resource.
Introduction
Temporary watercourses are common in semid-arid regions such as Eastern Morocco. Their temporary flow is due to the characteristic precipitation under Mediterranean climate and often to the karstic substratum. Moreover, demographic expansion and urbanisation, spring harnessing and the development of impervious surfaces have modified water flow and restrained the feeding of aquifers, thus causing the recent transformation of perennial streams and rivers into summer-dry wadis (e.g. Gasith & Resh 1999) . In temporary streams, the main factors influencing the aquatic assemblages include the frequency and duration of the disturbance events and their predictability (Stanley et al. 1997 , Gasith & Resh 1999 , whether these streams are Alpine (Ruegg & Robinson 2004) , karstic (Meyer et al. 2003) , prairie (Hill et al. 1988 , Miller & Golladay 1996 , desert (Stanley et al. 1997) or Mediterranean (Bottorff & Knight 1988 , Touabay et al. 2002 , Beauchard et al. 2003 , Muñoz 2004 . Generally, individual abundance and taxonomic richness and diversity were found to be greater in permanent than in neighbouring temporary streams (Williams 1996 , Meyer & Meyer 2000 , Touabay et al. 2002 , Muñoz 2004 and these values occasionally decreased with shorter presence of the water (Meyer et al. 2003) . Plant litter breakdown activity usually showed similar trends (e.g. Herbst & Reice 1982 , Hill et al. 1988 , Gurtz & Tate 1988 in relation with shredder scarcity in temporary streams (Tate & Gurtz 1986 , Gasith & Resh 1999 though opposite results were also presented in the literature (Gurtz & Tate 1988 , Muñoz 2004 .
In Morocco, and despite their overwhelming occurrence, temporary waterbodies such as wadis, dayas, gueltas, swamps... (Marque 1986 , Metge 1986 , Ramdani 1986 , El Khiati 1987 , Maamri et al. 1997a and b, 1998 ) have been less invesAnn. Limnol. -Int. J. Lim. 2005, 41 (4), 247-257 The benthic macroinvertebrate assemblages in the Zegzel-Cherraa, a partly-temporary river system, Eastern Morocco tigated than permanent waterbodies such as streams, rivers, and lakes. The aim of the present paper is to describe and compare the aquatic macroinvertebrate assemblages and their functional categories in the upstream permanent course and in the temporary downstream course of one river, considering dates and duration of water flow and the available food resources.
Material and methods
The Zegzel-Cherraa system Oued Zegzel (the upstream course) and Oued Cherraa (the downstream course of the same river) flow down from the Beni-Snassen mountain range into larger Oued Moulouya which opens into the Mediterranean Sea (Maamri et al. 1994 , Berrahou et al. 2001 (Fig. 1) . In Winter, Oued Cherraa is partly fed by Oued Zegzel and partly by surface runoff and the rise of the aquifer after heavy rain . In the warm season, the heat and evaporation dry it out completely in some sections or leave a few isolated pools in others. The five sites described in Maamri et al (1997a Maamri et al ( , 1998 Maamri et al ( and 2001 were considered, two of them in the permanent Zegzel upper course, the third a permanent pool in the temporary course of the Cherraa and the last two in its alternately dry and flooded bed (see Fig. 4 ). Hence three sites were permanent, site 1 was overgrown, its discharge was small and its current fast, site 2 was more open with higher discharge and slower current. Site 3 was standing during almost 10 months every year and flowed with the river the rest of the time. Sites 4 and 5 were temporary, flowed for a few months, then became sets of standing pools before completely drying out. Site 5 had much terrestrial vegetation in its bed (Table  1 , upper part ).
Water sampling
Fifteen factors were considered monthly when collecting the fauna from October 1994 to September 1995.
Spot measurements of water temperature were performed in the field between 9 and 11 a.m. with a mercury thermometer. Temperature was measured at open and shaded parts of each site so as to obtain a representative average value.
The other measurements were made on water carried to the laboratory in an insulated box. Water pH was evaluated with a WTW pH 521 meter. Conductivity at 25°C was measured with a Consort conductimeter. Fine Suspended Matter (FSM) and Fine Suspended Organic Matter (FSOM) were evaluated after filtering on pre-weighed GF/F Whatman filters, then drying (105°C, 24 h) and combustion (525°C, 3 h), respectively. Dissolved Organic Matter (DOM) was evaluated with a Dohrman CD 80 carbon analyser. Ammonium ion concentration was evaluated according to AFNOR T-90-015 (1956b) , nitrites according to AFNOR T-90-013 (1956a) , nitrates to AFNOR T-90-012 (1952a), orthophosphates to AFNOR T-90-023 (1963) , chlorides to AFNOR T-90-014 (1952b) , sulphates to AFNOR T90-009 (1954) . Calcium, magnesium, and sodium were evaluated with a Varian atomic absorption spectrophotometer.
Fauna sampling
The fauna was collected each month from October 1994 to September 1995 from the three permanent sites, and from temporary sites 4 and 5 when they were flooded. A Surber net with 0.4 mm meshes that sampled a surface of 0.1 m 2 was used. At each site, four samples were collected from different microhabitats and pooled, thus covering an area of 0.4 m 2 . Other samples collected with artificial substrates for control at site 3 (Maamri et al. 1995) , showed the same composition of the fauna. Small-sized taxa living in the surface sediment such as Tubificidae or Ostracoda were recorded when they were caught but the technique was not adapted to their efficient sampling.
Each sample was placed in a plastic box and the organisms were preserved in 10 % formaldehyde. In the laboratory, the fauna was sorted, identified, counted, and classified among functional feeding groups according to Tachet et al. (2002) and Cummins & Wilzbach (1985) . 
Data analysis
Physical and chemical variables were treated as annual means by normalised Principal Component Analysis (PCA). The table of the annual mean abundances of invertebrate taxa collected at each site was treated by Correspondence Analysis (COA). To investigate the relationships between the physical and chemical factors and the structure of the stream invertebrate assemblages, we applied co-inertia analysis (Dolédec & Chessel 1994 , Ter Braak & Verdonschot 1995 , Dray et al. 2003 . The statistical significance of the link between the two tables was assessed from random permutations on the RV-coefficient, the equivalent for two tables of the usual correlation coefficient (Robert & Escoufier 1976) . Computation and graphical representations were achieved using R freeware http://www.rproject.org/ (Ihaka & Gentleman 1996) . Coinertia analysis and permutation tests are available in the ADE4 package (Chessel et al. 2004) .
Results

Physical and chemical characteristics
The data are recorded in Table 1 (lower part). As could be expected, conditions were more stable in permanently-flowing Zegzel than in temporary Cherraa. In Figs 2a and b the first axis of the statistical analysis almost describes the longitudinal succession of the watercourse. It opposes Zegzel perennial sites 1 and 2 with higher values of nitrogen to Cherraa temporary sites 4 and 5 with higher values of conductivity, dissolved and suspended matter, chlorides and sulphates. The second axis accounts for pH variations which were in fact small (7.3 -7.6) and presumably of no great meaning, but Ca-Mg hardness discriminates downstream perennial site 2 from the topographically close permanent pool site 3.
Taxon richness
The number of taxa decreased along the course of the river with the exception of site 2 whose fauna was richer than that of site 1 (Table 2) . Individual abundance varied little among sites except at site 1 where Melanopsis, Choroterpes, and Limnephilidae were prominent ; small and middle-sized Melanopsis almost covered each of the plant debris. In temporary Cherraa, taxon richness and individual abundance varied simultaneously over the months (Fig. 3 ) : both were low when the water returned in March then rose to a maximum in June before decreasing and becoming low again in the pools that were drying out in September at site 4. Comparison with neighbouring sites 2 and 3 show that maxima were reached in December-January at the permanent sites but much later at the temporary sites.
Relationship between the composition of the fauna and the environmental conditions
The first two axes of the co-inertia analysis accounted for 91.6 % (axis 1 = 79.0 % ; axis 2 = 12.6 %) of the total variability of the taxa-by-variables crossed table. The overall correlation between the faunal and environmental data was statistically significant (RV = 0.887, P < 0.001), which was confirmed by the short length of the arrows connecting the environmental and faunal locations of the sites in Fig. 2b .
Certain taxa were only found in small numbers, either because they were actually rare (for instance Atyaephyra and several Coleoptera), or because the technique used was not adapted to their sampling, as explained in the Methods section. The fauna was distributed as follows (Figs 2b and 2c) .
In the Zegzel, the larvae of the Ephemeroptera Choroterpes picteti and Thraulus sp. and of the Trichoptera Ecnomus deceptor were characteristic of upstream permanent site 1. The Crustacea Decapoda Potamon edule, the Ephemeroptera larvae Ecdyonurus rothschildi, the Coleoptera Stictonectes lepidus and the larvae of the Diptera Corynoneurinae and Tanytarsini were more abundant at downstream permanent site 2. Apart from Diptera Ephydridae, the permanent pool had few characteristic species ; the Coleoptera Stenelmis consobrina and the larvae of the Diptera Tabanus sp. were only somewhat more abundant at this site. Both temporary sites 4 and 5 had mostly similar populations including the Ephemeroptera Baetis rhodani and Cloeon dipterum, the Coleoptera Aulonogyrus striatus, and larvae of the Diptera Tipula sp. However, Hydracarinae and Culicidae only colonised the former site and the Diptera Tetisimulium bezzii only the latter.
Last, within Gastropoda the distinction was clearcut : the prosobranch Melanopsis praemorsa only occurred at the Zegzel perennial sites with a preference for the upstream site while the pulmonates Ferrissia sp. and Physa acuta mainly occupied the Cherraa temporary sites. litter deposited by the riparian, semi-aquatic, and aquatic vegetation in the Zegzel-Cherraa system according to Maamri et al. (1997b) . No great number of shredders was found below site 1 but collectors were numerous at site 2. Most scrapers appeared at site 3 and below.
Functional Feeding Groups
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(7) 253 Table 2 . List and total abundance (ind.m -2 ) of the macroinvertebrates collected from the five sites of the Zegzel-Cherraa system. (continued).
Discussion
First of all, one should keep in mind that the information on the environmental and faunal data covers an annual cycle at the permanent sites but only the period of submersion at the temporary sites.
As expected, Oueds Zegzel and Cherraa were distinct through their physical and chemical conditions. Numbers of taxa and numbers of individuals were lower in temporary Cherraa where the aquatic environment was harsher. When the water flowed again, a gradual colonisation occurred during the first three months. (2001) where some 600 individuals.m -2 were already present on the third day and where numbers peaked after 38 days. But the dry period was shorter in England than in Morocco (some two months versus some 5-7 months, respectively). Under more similar climates, recovery took only two weeks in two intermittent Australian streams (Boulton & Lake 1992) but it was gradual in a Spanish stream after 3 months' drought (Otermin et al. 2002) . Presumably, the longer the dry period the slower the recovery. In the Cherraa, part of the fauna such as Dugesia gonocephala, Lumbricus sp., Ferrissia sp., Physa acuta, probably came out from the sediment where they had survived during the dry months. Other taxa drifted down from upstream (Hydropsyche maroccana), flew over from permanent refugia (Corixa sp., Coleoptera Gyrinidae, several Ephemeroptera and Diptera), or even reproduced on the spot (Diptera Chironomidae and Culicidae). Indeed, many species among the Diptera Chironomidae, Culicidae, and Tipulidae, are known to have a quick and short larval development which often coincides with the hydrological cycle (Lé-gier & Talin 1979 , Ledger & Hildrew 2001 .
While the pools were drying out in the Cherraa, the few surviving taxa (Gerris and Chironominae) resisted heat (32°C at upstream temporary site 4 in August), water stagnation, and high concentrations of dissolved matter (200 mg L -1 at the upstream site, even 300 mg L -1 at the downstream one), a common feature in Mediterranean and tropical temporary waterbodies. In contrast, the FSOM which was abundant at first in the flowing water (100 -120 mg L -1 ) and exploited by Hydropsyche maroccana and Simuliidae became scarce in the pools (Maamri et al. 1997b ).
The taxon composition was significantly related to the physical and chemical variables selected. Among the gastropods, the dissolved-oxygen-breathing Melanopsis praemorsa lived in permanent Oued Zegzel whereas the air-breathing Physa acuta survived the drought in temporary Oued Cherraa. Ferrissia also breathes dissolved oxygen but it presumably survived in the damp sediments of the Cherraa : Tachet et al. (2000) mentioned the occurrence of drought-surviving forms with a septum across their shell, which was also witnessed in Cherraa individuals.
Unexpectedly, the permanent pool which is alternately standing and flowing had little characteristic fauna. In connection with its amount of macrophyte litter, scraper pulmonate gastropods and Diptera Ephydridae appeared but never dominated, nor did shredders. In relation with the water cycle, the Heteroptera Hydrometra, Gerris, and Corixa, and the larvae of the Ephemeroptera Cloeon dipterum prevailed during stagnation, the Coleoptera Elmidae, the larvae of Diptera Simuliidae and Tabanidae during flow. In fact, according to the first co-inertia axis in Fig. 2b , this assemblage was connected with those of the temporary sites which passed through the three phases flow, stagnation, and drought. Nevertheless Baetis which was present at all other sites was not found here.
At both temporary Cherraa sites, Baetis rhodani was characteristic of the flowing phase and Aulonogyrus striatus skimmed the surface of the drying-out pools. The nets of Hydropsyche maroccana (upstream site 4) and the premandibular fans of Eusimulium latinum and Tetisimulium bezzii (downstream site 5) were only functional while the water was flowing. Apart from the larvae of Tipula, none of the invertebrates seemed to be characteristic of temporary sites and, as questioned by Williams (1996) , one can wonder whether constraints in these temporary waters are actual facts for the invertebrate fauna or simply human perception of them.
Shredder abundance is often connected with the density of the riparian vegetation (Ryder & Scott 1988) . And indeed, at upstream permanent site 1, the considerable input of plant litter was fed upon by a dense population of shredders dominated by M. praemorsa which occupied the niche of the gammarids present in other similar watercourses (Touabay et al. 2002) . Some shredding Ephemeroptera and Trichoptera also occurred. In contrast, the organic material at downstream permanent site 2 amounted approximately to one fourth that of the upstream site and contained much unidentified plant detritus. Fine matter was also washed down from upstream : fine particulate organic matter deposited in the sediment amounted to 166 g.m -2 .y -1 versus 39 g.m -2 .y -1 upstream (Maamri et al. 1995 and . This fine organic matter was exploited by collectors such as Ecdyonurus rothschildi, Caenis luctuosa, the Diptera Corynoneurinae and Tanytarsini. As stressed by Cummins et al. (1989) and Vannote et al (1980) , the riparian zone and its plant litter had a major influence on the structure of the benthic communities with the usual downstream reduction in the size of the organic particles owing to physical and biological processing, and the replacement of coarse-particle shredders by fine-particle collectors.
Despite the presence of a few large plant-litter shredding Tipula sp. larvae whose biomass and consumption are greater than only suggested by their numbers, the shredding assemblage at site 5 was not in proportion to the stock of dead leaves. Temporary streams are young and unstable ecosystems and disturbance plays a major role in structuring their communities (Légier & Talin 1979 , Boulton & Lake, 1992 . Each time the water returns, a benthic assemblage develops and gradually becomes more complex (e.g. Williams 1996), but, when the flowing phase does not last long enough, most often this succession does not reach a stable state because it is interrupted by stagnation and gradual drying out of the water (Miller & Golladay 1996 , Touabay et al. 2002 . This explains the lack of numerous shredders despite the abundance of leaf litter at site 5. Altogether, Kirby et al (1983) , Tate & Gurtz (1986), and Gasith & Resh (1999) also stressed the lower abundance and/or smaller role played by shredders in temporary watercourses.
As a consequence, this organic matter which was also little exploited by the terrestrial fauna (Maamri et al. 1997a ) is presumably carried downstream with the water flow.
During the period of investigation, complete drought lasted from October to early March; in 1998/99 it lasted from September to early January (Maamri et al. 2001) . In Oued Cherraa it seems to occur later than in many temporary streams. For instance, Arab et al. (2004) mention the absence of flow from May to November in the nearby West-Algerian Oued Chelif. This suggests a great stock of water in the Beni-Snassen mountains and/or in the Zegzel-Cherraa aquifer, a stock that may be long to drain and slow to refill.
Hence, during the main period of litter fall the Cherraa was dry. The development of the aquatic community started not from deciduous leaf fall as in the Zegzel and permanent pool but from the first flow of the water. Only then did the shredders appear, followed by the fine particle consumers (collector-gatherers and filterers). The paradoxical presence of more shredders at the upstream Cherraa site than downstream as soon as the water returned may be due to the shorter submersion period, to drift from the Zegzel over 1.5 km and/or to the coarser structure of the substratum which retains more detritus and makes the penetration and survival of the fauna in the hyporheic zone more easy (Strommer & Smock 1989 , Williams 1996 .
Conclusion
There was a statistical difference between both parts of the river which appeared as well in the physico-chemical as in the faunal data, and a close relationship of each community with its environment. The temporary aquatic communities began developing some five months later than the permanent communities But presumably owing to the length of the dry period, they were unable to achieve a complete exploitation of the resources available. Their annual cycle was based on the period of flow and not on seasonal deciduous litter fall as it was in the permanent part of the river.
